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(57) The invention prevents a voltage change dv/dt 
of an inverter from directly causing an erroneous firing 
of a semiconductor brake switch, which may short-cir- 
cuit the inverter during operation. To brake a motor (10) 
driven by an inverter which consists of a three-phase 
AC power supply (1), a three-phase bridge rectifier (3), 
a smoothing capacitor (6) and a semiconductor switch- 
ing element (7), a dynamic braking circuit turns on a 
semiconductor braking switch (14) to short-circuit feed- 
er lines (1 1 ) for the motor (1 0) so that a braking resistor 
(15) may absorb energy. A large resistor (20) is connect- 
ed between the positive side of the smoothing capacitor 
(6) and the positive side of the semiconductor braking 
switch (14), and a snubber capacitor (17) of a snubber 
circuit (1 8) connected in parallel with the semiconductor 
braking switch (14) is charged through the resistor (20) 
before the inverter is started. 
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the smoother and anode side of the dynamic brake cir- 
cuit, and a third switching device. 

[0013] Moreover, according to the fourth aspect of the 
invention, in place of the third switching device, a part 
of the first semiconductor switching devices is common- 
ly used. 

[0014] According to the fifth aspect of the invention, 
in the inverter according to the second aspect of the in- 
vention, which has flywheel diodes connected in an- 
tiparallel to the first semiconductor switching device, the 
flywheel diodes are commonly used in place of the di- 
odes comprising one arm of the second rectifier. 

Brief Description of Drawings 

[0015] Fig. 1 is a circuit diagram showing an embod- 
iment of a semiconductor inverter with a dynamic brake 
circuit according to the invention; Fig. 2 is a drawing 
showing a semiconductor inverter having a thyristor ig- 
nition circuit that is different from Fig. 1 ; Fig. 3 is a circuit 
diagram showing a modified example of Fig. 1 ; Fig. 4 is 
a circuit diagram showing a modified example of Fig. 2; 
and Fig. -5 is a circuit diagram of a conventional inverter. 

Best Mode for Carrying Out the Invention 

[0016] Next, an embodiment of the invention is ex- 
plained in detail with reference to Fig. 1 through Fig. 4. 
[0017] Fig. 1 through Fig. 4 are circuit diagrams show- 
ing an example in which a charging circuit for charging 
snubber capacitor 17 of snubber circuit 18. . 
[001 8] In Fig. 1 , the anode and cathode of smoothing 
capacitor 6 are connected to anode 4 and cathode 5 at 
the output of bridge circuit 3 in which six diodes 2 are 
connected to three-phase AC power supply 1 . Three 
pairs of semiconductor switching devices 7 such as thy- 
ristors, transistors or the like, each two of which are con- 
nected in series, are connected in parallel to the smooth- 
ing capacitor 6 to form an inverter part. Flywheel diodes 
8 are connected in antiparallel to the semiconductor 
switching devices 7, and the intermediate connecting 
points 9 of the semiconductor switching devices 7 are 
formed as output points of each phase, and to these 
points, power supply lines 11 of each phase of motor 10 
are connected. The phase of the motor 1 0 is controlled 
with characteristics corresponding to the switching tim- 
ings of the semiconductor switching devices 7. 
[0019] In order to brake this motor 10, a dynamic 
brake circuit is provided in which three-phase bridge cir- 
cuit 1 3 including diodes 1 2 connected to the power sup- 
ply lines 11, thyristor 14 as a semiconductor braking 
switch, and brake resistor 15 are connected in series. 
[0020] Furthermore, snubber circuit 18 including 
snubber resistor 16 and snubber capacitor 17 connect- 
ed in series is connected in parallel to the thyristor 14. 
To the gate electrode of the thyristor 14, an ignition cir- 
cuit using a pulse transformer is connected. 
[0021] Charging circuit 21 comprised of charging re- 
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sistor 20 with a high ohmic value is connected between 
the anode side of the thyristor 14 and the anode side of 
the smoothing capacitor 6. In the abovementioned cir- 
cuitry, when the snubber capacitor 17 is charged prior 

5 to driving the inverter part, any of the semiconductor 
switching devices 7 of the negative side arm of the in- 
verter part may be ignited. Then, a closed charging cir- 
cuit is formed from the anode of the smoothing capacitor 
6, charging resistor 20 of the charging circuit 21 , snub- 

10 ber resistor 1 6 of the snubber circuit 1 8, snubber capac- 
itor 17, brake resistor 15, the negative side arm diode 
of the three-phase bridge circuit 1 3, power supply lines 
11, semiconductor switching devices 7 to the cathode 
of the smoothing capacitor 6, and charges in the 

15 smoothing capacitor 6 are charged in the snubber ca- 
pacitor 1 7. 

[0022] The voltage at both ends of the snubber ca- 
pacitor 17, that is, the voltage at both ends of the thyr- 
istor 14 after charging is finished becomes equal to the 
20 voltage of the smoothing capacitor 6. 

[0023] The charging time constant t (t) in this case is 
expressed by the following equation (1). 

25 x(t) = (R15+R16+Ft20)xC17 (1) 

[0024] Thus, according to the invention, the snubber 
capacitor 17 is charged in the condition where an ex- 
treme rate of voltage change dv/dt is suppressed by the 

30 charging resistor 20 with a high ohmic value and the time 
constant of the snubber capacitor 1 7, and even if the 
inverter operation is started after the snubber capacitor 
17 is charged, since the same voltage as that of the 
smoothing capacitor 6 as an input of the inverter part 

35 has already been charged in the snubber capacitor 1 7, 
dv/dt due to switching of the transistors comprising the 
inverter part is not applied at all to the thyristor 14 that 
functions as a switch of the dynamic brake circuit, and 
therefore, erroneous ignition of the thyristor 14 is pre- 

40 vented. 

[0025] In addition, it becomes unnecessary to make 
the thyristor 1 4 for prevention of erroneous ignition suf- 
ficiently resistant against dv/dt, and also, the snubber 
circuit 18 can be simplified to be small in capacitance. 

45 [0026] As switching devices for the dynamic brake cir- 
cuit, thyristors are used in this embodiment, however, 
they are not limited to thyristors, but may be mechanical 
switches (for example, relays) as well as triacs, transis- 
tors, or the like. As a method for driving. these semicon- 

50 ductor switching devices, currents are flown into a pulse 
transformer or relay coil as well as a phofocoupler. 
[0027] The resistors provided in the charging circuit 
may be disposed at any locations within the circuit, and 
if the charging period of time is adjustable by control of 

55 the current by means of the charging means, the resis- 
tors are not necessary. 

[0028] In addition, in the embodiment of the invention, 
the transistor (first semiconductor switching devices) of 
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[0029j .Fig'; 2 shows *an example of a- case where- the 



istor .1 4 .after charging is finished becomes :egual to the 
voltage of the smoothindxapacitor -6. ; > ;■ .-■/ 
[0035] According to the invention 
snubbercapacitorM7 is charged in a'cphdition where ah 
extreme rate of voltage change dv/dt te suppressed by 
the charging resistor 20 with a high ohmic value and the 
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points 9, flywheel diodes 8, charging resistor 20, thyris- 
tor 14, brake resistor 15, and diodes 23 to the power 
supply lines 1 1 , and the brake resistor 1 5 generates heat 
and absorbs energy, whereby the motor 10 is braked. 
[0040] Thus, according to the present embodiment, 
the diode group 12 of the anode side arm of the second 
rectifier 13 of Fig. 1 is replaced with the flywheel diodes 
8 of the first semiconductor switching devices 7 of the 
anode side arm, and this contributes to reduction in size 
and cost. 

[0041] Also, in this circuit, as described above, the 
snubber capacitor 1 7 is always charged via the charging 
resistor 20 to suppress dv/dt of the inverter part, and the 
diodes 23 prevent direct entrance of dv/dt from the in- 
verter part, so that short-circuiting failures due to the dy- 
namic brake circuit do not occur during the inverter op- 
eration. 

[0042] Fig. 4 shows an example in which photocou- 
pler 22 comprised of a photodiode and a photothyristor 
is used for the ignition circuit of the thyristor 14 of the 
circuit of Fig. 3 in place of the circuit using the pulse 
transformer 19, wherein other points in construction are 
the same, so that explanation for the points is omitted 
by attaching the same symbols as those of Fig. 3 to the 
same points. 

[0043] As described above, according to the inven- 
tion, in a brake constructed so that, when braking an 
inverter drive motor, which is driven by switching outputs 
of a current obtained through rectification of an alternat- 
ing current and smoothing by a smoothing capacitor, a 
semiconductor braking switch is ignited, the power sup- 
ply lines of the motor are short-circuited, and energy is 
absorbed by a brake resistor, a charging circuit for al- 
ways charging a snubber capacitor is provided between 
the anode side of the smoothing capacitor and the an- 
ode side of the semiconductor braking switch, whereby 
the voltage change dv/dt of the inverter part is not ap- 
plied to the semiconductor braking switch, so that erro- 
neous operations of the semiconductor braking switch 
can be prevented. 

[0044] Therefore, the snubber circuit can be simpli- 
fied, and a part with low resistance against dv/dt can be 
used, so that the price of the circuit can be reduced. 

Industrial Applicability 

[0045] The invention provides a simplified dynamic 
brake circuit with high reliability at a low price, which can 
be used for purposes that cause motors to make urgent, 
acceleration and deceleration and emergency stops by 
using inverters. 

Claims 

1. A dynamic brake circuit comprising a series circuit 
consisting of resistors for converting loaded electric 
energy into heat and semiconductor switching de- 



vices, and a snubber circuit including a capacitor 
connected in parallel to the semiconductor switch- 
ing devices, wherein 

a charging circuit for charging the capacitor 
5 prior to drive of the load is provided. 

2. A semiconductor inverter comprising a first rectifier 
for rectifying alternating currents, a smoother for 
smoothing the output of the first rectifier, an inverter 

10 part for switching the output of the smoother by first 
semiconductor switching devices at desired tim- 
ings, and further comprising a dynamic brake cir- 
cuit, which consists of a second rectifier for rectify- 
ing the output of the inverter part and a series circuit 

*s including a first resistor connected between the out- 
put terminals of the second rectifier and a second 
semiconductor switching device, and a snubber cir- 
cuit including, a capacitor connected in parallel to 
the second semiconductor switching device, 

20 wherein 

a charging circuit for charging the capacitor 
before the inverter part starts inverter operation is 
provided. 

25 3. a semiconductor inverter according to Claim 2, 
wherein the charging circuit is comprised of a sec- 
ond resistor and a third switching device that are 
connected between the anode side of the smoother 
and the anode side of the dynamic brake circuit. 

30 

4. A semiconductor inverter according to Claim 3, 
wherein a part of the first semiconductor switching 
devices is cdmmonly used in place of the third 
switching device. 

35 

5. A semiconductor inverter according to Claim 2 com- 
prising flywheel diodes connected in antiparallel to 
the first semiconductor switching devices, wherein 

in place of diodes comprising one arm of the 
40 second rectifier, the flywheel diodes are commonly 
used. 
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